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DObjective: The study compared the short-term outcome of distal perfusion in thoracoabdominal aortic aneurysm
surgery using a mini-circuit and nonocclusive femoral cannulation with a traditional setup using a roller pump and
occlusive cannulation.
Methods:A total of 120 consecutive patients undergoing thoracoabdominal aortic aneurysm repair with femoro-
femoral distal perfusion from 2005 to 2008 were included in this retrospective study. Perfusion was accomplished
with either a mini-circuit (centrifugal pump, low priming volume, heparin coating) and nonocclusive femoral can-
nulation (N¼ 48, group A) or conventional roller pump and occlusive cannulation (N¼ 72, group B). Parameters
representing tissue damage or ischemia (lactate dehydrogenase, creatine kinase, myoglobin, creatinine,
glomerular filtration rate) were monitored intraoperatively and postoperatively and compared.
Results: One patient from each group required renal dialysis postoperatively. Myoglobin values were similar in
both groups. Creatine kinase was significantly higher in group B (P<.001). Hemolysis represented from lactate
dehydrogenase was higher in group B (P¼ .005). Both the traditional setup and the mini-circuit achieved a return
to preoperative glomerular filtration rate by postoperative day 10 with a significantly higher decrease of glomer-
ular filtration rate within 10 days in group B.
Conclusions: The use of mini-circuits for thoracoabdominal aortic aneurysm surgery is safe. Compared with
patients undergoing suprarenal clamping for abdominal aortic aneurysm, distal and organ perfusion in thoracoab-
dominal aortic aneurysm surgery maintain renal function independently of the technical setup. An initial decay of
glomerular filtration rate on postoperative days 1 to 4, however, seems to be related to intraoperative leg ischemia
and hemolysis caused by occlusive cannulation of the femoral vessels and the roller pump. Whether this has an
effect on long-term outcome remains to be seen. (J Thorac Cardiovasc Surg 2010;140:1319-24)Earn CME credits at
http://cme.ctsnetjournals.org
The outcome after surgery for thoracoabdominal aortic aneu-
rysm (TAAA) pathology has been vastly improved over the
years by the introduction of the so-called adjuncts.1-7 These in-
clude, among others, distal and organ perfusion tech-
niques.2,3,8,9 Although there has been much debate about the
best overall concept of distal perfusion and organ protection,
less attention has been paid to the individual technical setup.
Generally, there are those who prefer left-sided heart bypass10
and those who use femoro-femoral bypass.11-13 The former
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The Journal of Thoracic and Carquirement of heparin, but the major disadvantage is that the
right heart and lung are required to provide the full blood
flow and gas exchange for both the native proximal (cranial)
and the artificial distal (caudal) perfusion. This requiresmetic-
ulous tuning of numerous ventilatory and circulatory parame-
ters on behalf of the anesthetist during the operation and
precludes significant hypothermia for the risk of ventricular fi-
brillation and the surgical option of going into hypothermic
arrest if arch pathology unexpectedly requires this. Femoro-
femoral bypass, on the other hand, requires a more aggressive
anticoagulant regimen for the presence of the oxygenator and
the priming volume is higher. Furthermore, both femoral ar-
tery and vein need to be accessed, but the flexibility of this
setup is greater because 2 separate circuits exist; thus, the right
heart and lung do not have to be unduly strained, and tuning of
the overall setup is easier in a routine setup. Both techniques
have the disadvantage of a vigorous jet of retrograde blood
flow in the femoral artery that may dislodge luminal debris
into the renal and mesenteric circulation. Although both
methods yield good results as numerous publications have
demonstrated, attention has recently been focused on the tech-
nical details of these setups. Thus, cannulation-dependent is-
chemia of the leg with subsequent loss of renal function
may alter the outcome.14-16 Also, the modality of pumping
(centrifugal vs roller pumps) determines hemolysis and maydiovascular Surgery c Volume 140, Number 6 1319
Abbreviations and Acronyms
CK ¼ creatine kinase
GFR ¼ glomerular filtration rate
LDH ¼ lactate dehydrogenase
POD ¼ postoperative day
TAAA ¼ thoracoabdominal aortic aneurysm
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Dchange the quality of organ protection.13,17-19 Others have
pointed to the potential relevance of individual pressure and
flow control of organ perfusion.3
In the Department of Cardiac, Thoracic, Transplantation
and Vascular Surgery, femoro-femoral bypass, with the addi-
tion of individual perfusion catheters for the visceral and renal
arteries as required, has been used almost exclusively for the
past 10 years. The recent advent of interventional cannulation
techniques and smaller centrifugal pump setups has changed
the way coronary bypass surgery is performed and prompted
investigators to look at the overall setup in terms of potential
benefits of these newer techniques for TAAA surgery.13 The
main difference from the classic setup is the use of heparin-
coated, smaller foreign surfaces; small priming volumes; cen-
trifugal pumpswith intrinsic suction capability; and the option
of pulsatile flow. In addition, nonocclusive cannulation tech-
niques allow continuous perfusion of the leg past the cannula.
Thus, we hypothesized that nonocclusive cannulation of
the femoral artery and the use of a small circuit setup includ-
ing a centrifugal pump with pulsatile flow may lead to less
hemolysis, less peripheral ischemia, and lower rates of loss
of renal function than the traditional setup in TAAA repair.
PATIENTS AND METHODS
Between January 2005 and December 2008, 158 patients underwent
TAAA repair. In 67 of 158 patients (42%), distal perfusion was achieved
using a mini-circuit extracorporeal circulation system connected via
a nonocclusive cannulation of both femoral vessels. Eight of 67 patients
(12%) who died during the in-hospital stay and 11 of 67 patients (16%)
who exhibited severe preoperative renal failure (glomerular filtration rate
[GFR]< 20) were excluded from the analysis to avoid any bias, leaving
48 patients (group A). The other 91 of 158 patients (58%) were perfused
with a traditional roller pump system and occlusive cannulation of the fem-
oral vessels. Twelve of 91 patients (13%) in this group died during the hos-
pital stay and 7 of 91 patients (8%) with severe preoperative renal failure
(GFR<20) were excluded from the analysis, leaving 72 patients to study
(group B). The transition from one to the other technique intended originally
for the beginning of 2006 was gradual because it depended on the availabil-
ity of the mini-circuit setup and the presence of a trained technician. No
other significant changes were made to the technique or technical setup, in-
cluding the operating team during that period, nor were the patients specif-
ically selected for one or the other technique. Patient demographics,
comorbidities, and characteristics are listed in Table 1.
Operative Technique
The overall procedure was highly standardized. All patients were ap-
proached from the left side while in a right lateral decubitus position through
1 or 2 intercostal spaces under single lung ventilation, dividing the costal1320 The Journal of Thoracic and Cardiovascular Surmargin as required. The diaphragm was detached radially, and the distal
aorta and iliac vessels were exposed strictly retroperitoneally. Staged clamp-
ing was performed with selective reinsertion of intercostal arteries in the
thoracoabdominal region if back bleeding seemed insufficient and caliber
was adequate. Intercostal, visceral, and renal arteries were almost exclu-
sively reattached by an inlay technique as combinations or individually ac-
cording to the specific anatomy and pathology. Thus, combined islands
were, for example, avoided in young patients or patients with Marfan dis-
ease. Distal perfusion pressures were aimed at 70 mm Hg or greater with
a minimal pump flow of 1.5 L/min. Proximal pressures were kept greater
than 120 mm Hg systolic. Spinal cord drainage was performed in all pa-
tients. Selective organ perfusion was established using 1 to 4 balloon inflat-
able catheters that were directly connected to the arterial line of the pump
setup without selective pressure or flow monitoring. During clamping the
average temperature (rectal vs esophageal) was kept at approximately
33C, and rewarming was started immediately on declamping before all
the accessory vessels were reinserted into the prosthesis.
Mini-Machine
Initially, both arterial and venous access were obtained percutaneously
using a 22F 3-stage cannula for venous drainage and a 15F or 17F cannula
for arterial access in the left groin. After 15 cases, we reverted to open
exposure of the femoral artery through a small transverse skin incision
because 3 postoperative hematomas had required surgical intervention.
The cannula is presently introduced by a puncture through a small purse-
string suture in the adventitia (Novalung Novaport KU-15/17F; Novalung
GmbH Talheim, Germany). Venous access is achieved percutaneously
(Edwards FemTrack 20F–24F; Edwards Lifesciences, Irvine, Calif). The
tubing, arterial filter, oxygenator, and pump head of the centrifugal pump
are heparin coated, and the setup requires a priming volume of 500mL (Ter-
umo ROC-Safe; Terumo Medical Corp, Somerset, NJ). Heparin dosage for
this first series was set at a conservative 300 IE per kilogram of body weight
aiming for an activated clotting time of more than 200 seconds.
Roller Pump
The traditional setup consisted of a roller pump (Sto¨ckert, Freiburg, Ger-
many) and large cannulas (Sto¨ckert arterial femoral 5.2–7 mm and Sto¨ckert
venous femoral V172-22/28F) inserted into the transversely opened vessels,
secured by tourniquets, an oxygenator, and an arterial filter requiring 1500
mL priming. Flow into and from the left leg was occluded for the duration of
the perfusion. Heparin was administered at 400 IE to achieve an activated
clotting time of 700 seconds.
Study Design and Definitions
Because the criteria of assignment to each technique were neither
random nor consecutive in time, we compared group A (2006–2008)
with group B (2005–2007) in terms of comorbidities, extent of aortic
repair, preoperative clinical condition, and intraoperative characteristics
to exclude any undue differences that may introduce selection bias (Tables
1 and 2).
Early postoperative outcome was assessed by markers of tissue damage
(creatine kinase [CK], muscle injury/ischemia, myoglobin, muscle necro-
sis), hemolysis [lactate dehydrogenase (LDH)], and renal function (creati-
nine and GFR). The extent of hemolysis was characterized by the highest
level of LDH as a single postoperative value. Myoglobin and CK, as possi-
ble contributors to renal dysfunction, were measured daily for 4 postopera-
tive days (PODs). Creatinine was analyzed at least daily for 10 PODs. The
GFR was calculated using the Cockcroft–Gault equation.
The primary outcome measure was the change of GFR during the 10-
POD period. In addition to the individual measurements, the area under
the curve of GFR plotted against time (GFRarea) and the maximum change
from preoperative values were assessed (GFRmax). The difference (GFR0-10)
between preoperative GFR and GFR on POD 10 was used to characterizegery c December 2010
TABLE 1. Demographics and clinical data
Group A
(n ¼ 48)
Group B
(n ¼ 72) P
Gender
Male (%) 34 (71) 41 (57) .07
Female (%) 14 (29) 31 (43) .19
Age
Median (range) 58 (20–78) 60 (32–78) .46
Comorbidities
Hypertension (%) 36 (75) 52 (72) .79
Diabetes mellitus
(IDDM or non-IDDM) (%) 4 (8) 7 (10) .89
Coronary artery disease (%) 7 (15) 13(18) .74
COPD (%) 5(10) 13 (18) .52
pAOD (Fontaine St IIa) (%) 3 (6%) 1 (1) .52
Crawford classification
Type I 17 (35) 24 (33.5) .56
Type II 14 (29) 24 (33.5) .79
Type III 15 (31) 14 (19) .33
Type IV 0 (0) 2 (3) .89
Type V 2 (5) 8 (11) .52
Emergency of operation
elective 41 (85) 60 (84) .93
urgent 7 (15) 12 (16) .93
Renal function preoperatively
Serum creatinine mmol/L
(range)
80 (52–108) 87 (70–114) .12
GFR mL/min/173 cm2 (range) 98 (59–137) 100 (57–143) .82
IDDM, Insulin-dependent diabetes; COPD, chronic obstructive pulmonary disease;
pAOD, peripheral arterial occlusive disease; GFR, glomerular filtration rate.
TABLE 2. Intraoperative characteristics for the two groups
Group A
(n ¼ 49)
Group B
(n ¼ 112) P
Operation time (min) 258 (133–1792) 293 (90–713) .26
Cardiopulmonary bypass (min) 104 (38–303) 123 (32–390) .12
Clamping of aorta (min) 80 (37–123) 83 (47–119) .69
Urine (mL) 450 (40–1900) 445 (40–2466) .84
Lactate (mg/dL) 5 (1,65–19) 6.7 (1.11–18.89) .10
Transfusion
Red blood cells* (packages) 7 (0–63) 7 (0–61) .94
Plateletsy (packages) 1 (0–9) 1 (0–10) .90
Fresh-frozen plasmaz (packages) 6 (0–30) 6 (0–32) .63
*Every package contains 286 mL. yEvery package contains 200 mL. zEvery package
contains 250 mL.
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compared with the GFR on POD 4 and POD 10 for patients of the same
group to establish any significant decrease or increase of renal function
within each group.
Statistical Analysis
All analyses and graphs were performed with MedCalc 9.4.2.0 (Med-
Calc Software, Mariakerke, Belgium). Categoric variables and frequencies
are presented as percentages, and continuous variables are presented as me-
dian (range). The distribution of continuous variables was determined by the
Kolmogorov–Smirnov test. A t test for independent variables was per-
formed to compare all normally distributed continuous variables, as well
as the GFRarea, GFRmax, and GFR0-10 between the 2 groups. For ordinal
data with 2 categories or not normally distributed continuous variables,
theMann–Whitney test was preferred. A paired t test was performed to com-
pare the mean of differences between preoperative and postoperative GFR
within the same group. A P value of .05 or less was considered statistically
significant for individual tests, and a P value of .005 or less was considered
statistically significant for the serial measurements (10 days) of postopera-
tive CK and GFR (Bonferroni correction of a-error). Where data points
were missing, the number of available observations is reported and no as-
sumptions are made about missing data.
RESULTS
In the mortality group, which was excluded from our
study population, 3 patients from group A (6%) and 5 pa-
tients from group B (5.4%) died during the in-hospital
stay. In each group there was 1 patient who died of intraoper-The Journal of Thoracic and Carative heart failure; all other patients died of a sepsis-related
multiple organ failure.
In our study cohort, there were 2 patients with overt renal
failure requiring dialysis, 1 in each group. Of these patients,
the patient in group A required permanent dialysis. Because
of extreme technical difficulties during the operation, an
early thrombotic occlusion of a renal artery occurred in
this patient. One patient (2%) in group A and 2 patients in
group B (2%) had postoperative paraplegia (P ¼ .98).
Myoglobin
The values in both groups peaked on day 2, showing equal
distribution. There was no statistical difference between the
groups in the postoperative values of myoglobin throughout
the first 4 PODs. On POD 1 the mean value of myoglobin
was 1546 U/L ( 745) and 1855 U/L (1260) for groups
A and B, respectively (P ¼ .11). On POD 2 the mean value
was 1638 U/L (1191) and 1616 U/L (1359) in groups A
and B, respectively (P ¼ .93). The mean values on PODs 3
and 4 were 1276 U/L (1761) and 740 U/L (1136), re-
spectively, for group A and 1252 U/L (1448) and 1181
U/L (1461), respectively, for group B, without any statis-
tical significance.
Creatine Kinase
The CK values were normally distributed and again
showed a peak on POD 1. The mean (range) for each day
for both groups is presented in Figure 1. A highly significant
difference is seen between the 2 groups on PODs 1
(P< .001) to 3 (P ¼ .001), with a clear trend on POD 4
(P ¼ .01). The cumulative change of CK during the first 4
PODs (CKarea) was significantly higher in group B (group
A: 3166 U/L vs group B: 5911 U/L, 95% confidence inter-
val, 1909.74–3579.73, P< .001).
Lactate Dehydrogenase
The maximum value of LDH during the early postopera-
tive course is reported (Figure 2). The values were not nor-
mally distributed. The Mann–Whitney test showeddiovascular Surgery c Volume 140, Number 6 1321
FIGURE 1. CK during postoperative course (data points represent means
and 95% confidence intervals). POD, Postoperative day.
FIGURE 3. Change of GFR from preoperative to POD 4 values for each
group separately (data points represent means and 95% confidence inter-
vals). GFR, Glomerular filtration rate; POD, postoperative day.
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LDH increase in group B (P ¼ .005, Figure 2).
Serum Creatinine
The values of serum creatinine for the first 10 PODs were
normally distributed for each day. The t test for independent
samples showed no statistically significant differences in the
increase or decrease of creatinine values. By measuring
the cumulative change of creatinine (Crarea), there was also
no significant difference between the groups (group A:
97.7  42 mmol/L/d vs group B: 102  30.7 mmol/L/d,
95% confidence interval of difference: 10.3 to 19.41,
P ¼ .54).
Glomerular Filtration Rate
The GFR for each day was normally distributed. The GFR
decreased significantly from preoperative values to POD 2
in each group (paired t test). There was a trend, but no sta-FIGURE 2. Comparison of maximum postoperative values of LDH for the
2 groups (data points represent means and 95% confidence intervals). LDH,
Lactate dehydrogenase.
1322 The Journal of Thoracic and Cardiovascular Surtistically significant difference, between the 2 groups com-
paring GFR for each day separately, however. The
cumulative change of GFR during the initial 4- and 10-
POD periods, GFRarea proved to be significant during the
first 4 PODs (P ¼ .02) but not for the whole 10-POD period
(P ¼ .74). Similarly, the difference between preoperative
GFR and GFR on POD 10, thus the overall change in renal
function, showed no statistical difference between the
groups (group A: 0.59  29 mL/min/173 cm2 vs group B:
[1.2]  25, P ¼ .73). To address the size of temporary
change in renal function further, we analyzed the maximum
change in GFR (GFRmax) observed throughout 10 days after
surgery. The t test, however, reflected no significant differ-
ences between the 2 groups: group A: (31)  26 mL/
min/1.73 cm2 versus group B: (24)  22 mL/min/1.73
cm2, P ¼ .17).
In regard to the difference between the preoperative GFR
andGFRonPODs2, 4, and 10 for each group separately, the t
test for paired samples demonstrated a highly significant de-
crease onPOD2 (see above) but no significant differences forgery c December 2010
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a significant decrease of GFR was demonstrated on PODs
2 and 4 in group B (P ¼ .01), whereas a return of GFR on
POD 10 to preoperative values was demonstrated (P ¼ .55)
(Figure 3).
DISCUSSION
Results of TAAA surgery have improved over the years,
essentially with the introduction and scientific consolidation
of a number of so-called adjuncts.1-7 The aim at the time of
introduction was to reduce the considerable mortality and
morbidity, and especially the rate of spinal cord dam-
age.20-23 Current results are respectable, so that more atten-
tion is paid to the aspects of morbidity, such as organ
protection, especially of the kidneys.8,9 Thus, only recently
attention has been drawn to the role that leg ischemia caused
by occlusive cannulation of the femoral artery during distal
perfusion may play in renal damage in these patients.14,15
Others have pointed to the importance of temperature on
the one hand and flow and pressure control of the organ per-
fusion on the other hand to optimize organ protection and
minimize loss of function. 3,8,24 At the same time, perfusion
techniques using different pumps, tubing, and cannulas, and
so called mini-circuits have been established in coronary by-
pass surgery where reduced hemolysis and tissue damage
are the focus.17
The results of this comparative analysis of a medium-sized
patient population in whom occlusive traditional perfusion is
contrasted with interventional mini-circuit perfusion shows
first that despite clear differences in the markers for tissue is-
chemia on the one hand and hemolysis on the other hand,
there is no clinically relevant difference in preoperative and
postoperative renal function after 10 days. Both setups thus
allow return of the GFR to preoperative values by that stage.
This is in marked contrast with the situation in suprarenal
clamping for AAA, for which there is usually a maintained
loss of renal function even with short ischemic times.25 How-
ever, there is little doubt that at the same time the temporary
impairment of renal function is more marked with the tradi-
tional setup compared with the mini-circuit with the addi-
tional avoidance of peripheral ischemia. The latter could be
demonstrated by the significantly lower levels of markers
for hemolysis and muscle tissue ischemia. The degree of
leg ischemia was not specifically determined, for example,
by neuromonitoring. The effect of a stenosis in the femoral
artery was also caused by a large nonocclusive cannula,
and therefore the relative benefit of such nonocclusive perfu-
sion in each individual patient cannot be characterized. The
beneficial effect of the nonocclusive cannulation may thus
be underestimated in this study population. Furthermore,
the fact that 2 parameters have been changed in the depart-
mental policy for TAAA surgery at the same time precludes
any conclusions about the relative contribution of the mini-
circuit and the nonocclusive distal perfusion to the observedThe Journal of Thoracic and Careffects. However, because there is improvement and the
newer setup is, after some experience, no more cumbersome
to handle and not significantly more expensive, it seems rea-
sonable to change to a mini-circuit for TAAA surgery. The
benefits of a femoro-femoral perfusion concept compared
with left heart bypass are maintained because even circula-
tory arrest is possible with this setup.
STUDY LIMITATIONS
The authors recognize limitations of this work. The con-
trol group is to a certain extent a historical patient cohort,
and it cannot be entirely excluded that other minor adjust-
ments of the overall setup may have contributed to the
results. All conceivable parameters investigated in this re-
spect were found to be of no statistical significance. Further-
more, the team dealing with these patients and operations,
and the overall policies have been remarkably constant
over the period investigated. A further limitation is that
this series is still small and warrants a multicenter investiga-
tion. Finally, there is no suggestion that the changes
observed are of relevance in the long term; however,
‘‘noninferiority’’ has been shown. This is difficult to verify
and may again require a multicenter approach. Similar crit-
icism may be raised concerning the far more sophisticated
methods of renal function assessment applied by others.8
Thus, the authors recognize that the parameters analyzed
are generally not as specific for the assessment of the func-
tion of the different organ systems as they could be.CONCLUSIONS
Concepts aimed to reduce tissue damage by maintaining
antegrade perfusion of the extremities and to improve supply
through physiologic pulsatile perfusion improve short-term
outcome in TAAA surgery. Smaller pump setups for distal
perfusion are safe and convey the advantages of femoro-
femoral bypass to the situation of TAAA surgery where min-
imal setups avoiding large foreign surface contact are likely
to benefit the patient in this extensive surgery. Both tradi-
tional roller pump setups and mini-circuits offer adequate or-
gan protection.References
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